Objective: To characterize ICU HCW behavior, knowledge, and attitudes about recommended precautions for the prevention of healthcareassociated influenza infections.
LEARNING OBJECTIVES
1. Identify appropriate personal protective equipment for control of influenza in the intensive care unit.
2. Identify barriers for use of appropriate protective equipment for influenza.
3. Use this information in a clinical setting.
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Visit the Critical Care Medicine Web site (www.ccmjournal.org) for information on obtaining continuing medical education credit. P atients with severe acute febrile respiratory illness caused by pathogens such as respiratory syncytial virus and influenza are often cared for in intensive care units (ICUs); effective infection prevention and control in routine care of such patients is essential to limiting nosocomial spread of disease. It is likely that many patients presenting with febrile respiratory illness caused by virulent novel pathogens (e.g., pandemic influenza or severe acute respiratory syndrome ͓SARS͔ coronavirus) will also require ICU care (1) . Such patients may be expected to remain contagious for longer periods than those infected with seasonal pathogens, and the risk of secondary transmission of respiratory viruses may be particularly high in the ICU (2) (3) (4) (5) (6) (7) .
Data from outbreaks of respiratory syncytial virus and SARS have demonstrated that an infection prevention and control program, including the use of transmission-based barrier precautions, can have a significant impact on healthcare-associated infection rates (8 -12) . The contribution of administrative and environmental measures (e.g., ventilation and disinfection) to such comprehensive programs should not be underestimated. However, effective use of transmission-based precautions, including personal protective equipment (PPE), is also a key part of annual respiratory virus infection control. Further, PPE use will be an even more important part of efforts to minimize healthcare worker (HCW) risk and maintain a healthy ICU workforce in an outbreak of a novel respiratory pathogen, particularly in light of potential limitations in available prophylactic and treatment measures.
The U.S. Centers for Disease Control and Prevention recommends the use of barrier precautions -droplet (surgical mask) and standard (gown and gloves when in contact with potentially infectious secretions) -in the care of influenza patients. Although these recommendations are based on animal data, expert opinion, and experience in outbreaks rather than extensive clinical study of influenza transmission patterns, they serve as an important guideline for many hospital infection control programs. In addition, data from the SARS outbreak in 2003 have led to concerns regarding the increased risk of secondary viral transmission in the ICU. These concerns have raised the question of whether higher levels of respiratory protection (e.g., airborne precautions) may be prudent in outbreaks of novel pathogens. Although the SARS experience suggests that this strategy may have some merit (6, 13) , no definitive data exist to support the conclusion that respirators will be essential in an influenza pandemic.
Whichever type of respiratory protection is recommended in a given situation, optimal PPE use requires using the right equipment, the correct way, for all possible transmission events. Although more research is needed on influenza transmission and types of respiratory protection, we focus here on the aspects of knowledge and attitudes that may influence self-protective behavior in the ICU and impact both patient and provider safety.
Little is known about how HCWs are currently using recommended barrier precautions to prevent spread of influenza and other respiratory viruses, or the factors that influence adherence. Identified influences on adherence to bestpractice guidelines have included knowledge, attitude, belief, and behavioral factors (14) . The purpose of this study was to survey ICU HCWs to understand their behavior, knowledge, and attitudes about recommended precautions for the prevention of healthcare-associated influenza infections. Although seasonal influenza PPE use may be an imperfect model for a response to a novel respiratory virus outbreak, experience with infection control for seasonal influenza may offer important insights for minimizing nosocomial transmission of seasonal respiratory viruses and novel respiratory pathogens. statistical difference in median across groups by Kruskal-Wallis (p Ͻ 0.001). Missing values for respondent characteristics varied from 0% to 4.5%, with the majority having complete data. Percentages may not total 100 due to rounding.
MATERIALS AND METHODS
and O'Boyle et al (18) , and the theory of planned behavior. The theory of planned behavior, which previously has been applied to hand hygiene behavior, postulates that behavior can be predicted by assessment of three sets of factors: 1) behavioral beliefs (beliefs about the impact of the expected behavior); 2) subjective norms (beliefs about the expectations of those in the organization); and 3) perceived behavioral control (beliefs about one's ability to implement the expected behavior) (19) .
The survey collected data on respondent characteristics, including age, sex, race, marital status, and professional role. Respondents were asked to report the proportion of time they use all recommended influenza precautions, and they were given a list from which to choose the equipment recommended to be worn when caring for patients with known or suspected influenza. We defined recommended PPE as use of mask, gown, and gloves. In our final analysis, those individuals who indicated a higher level of protection than was recommended (e.g., an N-95 respirator when only a surgical mask is required) were scored as having an adequate knowledge of how to protect themselves. Although overprotection may result in use of greater resources than necessary, it should still result in appropriate containment of healthcare-associated infection.
PPE attitudes and behaviors were examined by degree of agreement with statements about influenza infection control, using a fivepoint Likert scale (e.g., strongly disagree, somewhat disagree, neither agree nor disagree, somewhat agree, and strongly agree). Attitudes assessed included behavioral beliefs, subjective norms, and perceived behavioral control, as defined earlier. The study was approved by the Institutional Review Board of Johns Hopkins Medicine.
Data Analysis. Statistical analysis was performed using Fisher's exact test to compare survey responses across all clinical roles, as well as by age, sex, and race. Because of the nonnormal distribution of our primary outcome variable, reported PPE use, we chose to categorize responses as either "high" or "low" adherence. Although there are no absolute thresholds for adequate levels of adherence, we based our threshold on variables from the infection control adherence work of Berhe et al (20) and categorized adherence as "high" based on a threshold of Ͼ80%. Simple and multivariable logistic regression analyses were performed using respondent characteristics, knowledge, and attitudes as predictor variables for the outcome of reported PPE adherence. In multivariable regression, nurses were chosen as the reference category for clinical role because of the significant amount of time they spend at the bedside.
Likert scale responses to attitude questions were also found to have a nonnormal distribution. Hence, they were categorized as "agree," if the Likert response was 4 or 5, and "do not agree" if response was 1, 2, or 3.
Missing values for attitudes questions ranged from 0% to 4.9%. Choice of predictors for use in the multivariable model was based on stepwise regression of respondent characteristics, knowledge, attitudes, and behaviors, using both backward elimination (p e 0.05) and forward inclusion (p r 0.05). Professional role and hospital affiliation variables were checked for interaction in the final regression model. Model fit was assessed using Hosmer-Lemeshow goodness-of-fit testing, and the number of predictors was evaluated to avoid overfitting of the final regression model. Collinearity was evaluated using variance inflation factors (21) . In all analyses, a p value of Ͻ0.05 was considered statistically significant. Analyses were performed using Stata statistical software version 9.2 (22) .
RESULTS
Respondent Characteristics. The survey was distributed to 292 clinicians at the two study hospitals, with 88% (n ϭ 256) completing the survey (82 of 88 housestaff, 39 of 50 faculty and fellows, 91 of 102 nurses, and 44 of 52 RCPs). Characteristics of respondents are described in Table 1 . Although a small proportion of the pulmonary/critical care medicine (PCCM) faculty works only at Johns Hopkins Bayview Medical Center, the majority are either primarily assigned to clinical rotations at JHH or rotate through both hospitals. PCCM fellows are assigned at least 75% of their clinical duties at JHH. For these reasons, PCCM faculty and fellows were assigned to JHH for analysis.
Knowledge About PPE Use. Among respondents, 85% reported knowing when their patients had been placed on droplet (respiratory) precautions, with signifi- cantly more physicians (i.e., housestaff, faculty, and fellows) than nurses and RCPs knowing when precautions had been instituted (p Ͻ 0.001). Only 63% of respondents correctly identified the equipment that would provide adequate protection, with 27% and 11% of respondents failing to indicate that a gown and gloves, respectively, are needed (Table 2) . In assessing whether workers were more likely to "under-protect" or "overprotect" themselves, we found similar results with 11% of respondents indicating less than the recommended respiratory protection (no mask) and 12% indicating a higher level of respiratory protection (N-95 filtering facepiece or powered air-purifying respirator). In a bivariate analysis, the proportion of workers able to identify adequate PPE for influenza prevention was significantly higher at the tertiary care academic center (JHH) than at the community hospital (Johns Hopkins Bayview Medical Center) (68% vs. 51%, p ϭ 0.02).
Attitudes and Organizational Factors Influencing PPE Use. Among all surveyed HCWs, 80% of respondents believed that use of appropriate PPE would prevent acquisition of influenza (Table 2 ). There were no significant differences in this belief by HCW role. Only slightly fewer respondents (76%) thought that HCW PPE use conferred protection for their patients, and agreement with this belief was similar among nurses, RCPs, and housestaff (p ϭ 0.11). In pairwise comparison, however, PCCM faculty and fellows were significantly more likely than nurses to believe that PPE protected their patients (89% vs. 70%, p ϭ 0.04). Further, the proportion of respondents who believed PPE was inconvenient to use varied significantly by professional role (p ϭ 0.01), with PCCM faculty and fellows the most likely to report that PPE use was inconvenient. A similar proportion of nurses and physicians found that adherence actually interfered with patient care (22% vs. 24%, p ϭ 0.74).
Several items in our survey were included to assess workplace organizational factors that influence behavior (Table 2) . Overall, 72% of respondents reported that recommended PPE was readily available near patients' rooms. Significant differences were noted regarding perceived availability of PPE across professional roles, with RCPs reporting significantly lower availability than nurses, housestaff, faculty and fellows (57% vs. 83%, 70%, and 74%, p ϭ 0.01 across all groups by Fisher's exact test). To assess subjective norms within the ICUs, respondents were asked whether they were likely to be reprimanded for not using correct PPE. Across all groups, 56% of respondents endorsed this norm. There were no significant differences in this perception across professional roles (p ϭ 0.62).
Protective Behaviors. Of all respondents, 62% reported Ͼ80% adherence with recommended PPE, with PCCM faculty and fellows having the lowest proportion of high adherence (37.1%) ( Table  3) . When asked to assess their colleagues' use of PPE, 53% reported that their colleagues often forget to use all recommended PPE. Because our previous work found race to be predictive of influenza vaccination uptake (23), we assessed the influence of race on PPE use adherence. We found no significant differences in reported PPE use by race.
To assess whether knowledge influences reported behavior, we compared knowledge of correct PPE use between HCWs who reported Ͼ80% adherence and those who reported lower adherence. Among those reporting high adherence, 65% of respondents correctly identified equipment that would provide adequate protection, compared with 62% among lower PPE use compliers (not significant), suggesting that knowledge is not a predictor of behavior.
To assess the association between adherence with different infection control interventions for the same disease process, respondents were asked whether they had received an influenza vaccine during the flu season in which they were surveyed. Across all HCWs, the rate of influenza vaccination and proportion of respondents with high adherence, respectively, were 80% and 62%, p ϭ 0.01 (Table 4).
Predictors of PPE Use. Knowledge of correct PPE, age, and race were not significantly associated with reported PPE adherence in simple logistic regression (Table 4) . Professional role, marital status, and specific beliefs about PPE use and efficacy were found to be significant predictors of high levels of adherence with PPE in both simple and multivariable logistic regression analyses (Table  4 ). There were no differences between the reported behaviors of nurses and RCPs in multivariable modeling, but both housestaff and PCCM faculty and fellows were significantly less likely than nurses to report adherence Ͼ80% after adjustment for attitudes and demographic factors. Married respondents were more likely to report high levels of PPE adherence than those who were not married (odds ratio 2.03, 95% confidence interval 1.03-4.00). Respondents who believed that adherence posed an inconvenience to their work routine were less likely to report high levels of adherence (odds ratio 0.42, 95% confidence interval 0.22-0.80), but belief that PPE interferes with quality of patient care was not associated with reported be- havior. Our analyses found that organizational factors, including hospital affiliation and the perception that not using correct PPE would result in reprimand, significantly influenced the odds of high reported adherence (Table 4) .
DISCUSSION
Our survey found gaps in knowledge and adherence with recommended PPE use for influenza control across all types of critical care HCWs. This multiprofessional survey had a high overall response rate (88%) and included respondents practicing at two different institutions. Significant variability in adherence was seen across clinician type, hospital affiliation, marital status, and attitudes toward the use of PPE. Belief that PPE adherence was inconvenient was associated with decreased odds of self-reported high adherence. However, perception that a supervisor would reprimand nonadherence significantly increased the odds of self-reported adherence.
Despite the fact that infection prevention and control practices can significantly improve patient outcomes (24, 25) , adherence with these practices is generally poor (20, 16,26 -31) . In our survey of critical care HCWs, only 62% of respondents reported PPE adherence Ͼ80%, with significant variability by clinician type. This self-reported adherence rate likely overestimates actual adherence. Henry et al (32) demonstrated that point estimates of self-reported adherence with all barrier precautions (with the exception of gloves) overestimated observed adherence by at least a factor of 3. Similarly, O'Boyle et al (18) found that the correlation between reported and observed adherence with hand-washing recommendations among nurses was quite low (r ϭ .22). To overcome this overestimation, respondent reports regarding their colleagues adherence with expected practices have been used as a surrogate measure for actual adherence (33) . Using this measure, we would estimate that adherence in our study is approximately 47%. The fact that 77% of respondents felt they could improve their use of PPE confirms that ICU HCWs are aware that their adherence is suboptimal.
Eighty percent and 76% of respondents reported a belief that PPE use would protect them and their patients, respectively, from getting influenza. Although this belief is plausible, given Centers for Disease Control 
it translate to similarly high levels of knowledge regarding recommendations. In fact, a large proportion of our respondents also demonstrated important knowledge gaps. More than 35% of respondents were unable to identify the group of precautions expected to confer appropriate protection from nosocomial transmission of influenza. This knowledge gap suggests that some HCWs may be unaware that they are inadequately protecting themselves and their patients.
At least half of our respondents reported that complying with recommended PPE was inconvenient. Inconvenience, in turn, was predictive of poorer adherence. This belief does not seem to be explained solely on the basis of PPE being unavailable near a patient room, given that 72% of respondents reported having easy access to the recommended equipment. In addition, 21% of respondents felt that use of PPE interfered with patient care, affirming the supposition that barriers to PPE use may be more complex than those associated with hand hygiene use.
Previous studies have indicated that addressing workplace factors related to infection control practices will have the greatest impact on adherence behavior, and we believe that our data support this hypothesis (34, 35) . The British Columbia Interdisciplinary Respiratory Protection Study Group found that "organizational and individual factors can explain much of the variations in self-protective behavior in healthcare settings, especially with respect to applying universal ͓standard͔ precautions" (36) . This group also noted that "safety climate is being increasingly recognized as one of the most important determinants of safe work practice in terms of preventing exposures to ͓blood and body fluids͔ but has been little studied in other types of nosocomial transmitted diseases. Respiratory tract diseases, in particular, have not been well studied in this regard" (36) .
Our study addresses this knowledge gap and adds new information on the role of individual and workplace factors on adherence with practices designed to prevent the nosocomial spread of respiratory infections. Multivariable analysis found that individual factors, including demographic variables and professional role, Simple and multivariable logistic regression was performed using respondent characteristics, knowledge of recommended PPE, organizational factors, and attitudes toward PPE use. influenced behavior; however, PPE adherence was more strongly influenced by organizational factors, including hospital affiliation, convenience, and supervisor expectations. Although our survey did not include a formal safety attitudes questionnaire (37) , the most important influences on odds of high adherence were hospital affiliation and the report that nonadherence would result in a reprimand from a supervisor. This finding underscores the importance of ICU safety policies and climate in promoting adherence with PPE use. Despite the strength of this influence on behavior, only 56% of survey respondents stated that nonadherence would be met with disapproval from those supervising them. This low rate of perceived professional consequences suggests significant opportunities for increasing HCW use of PPE by increasing workplace accountability for nonadherence. Further, because there were no significant differences in proportion reporting likely reprimand across clinician type, our findings suggest that changing behavioral expectations on the supervisory level may be a useful avenue to improve adherence in all groups.
Infection prevention and control practices are essential at all levels of healthcare delivery. However, recent concerns about respiratory epidemics, such as SARS and pandemic influenza, have highlighted gaps in our knowledge specific to the nosocomial spread of respiratory viruses and drawn attention to concerns that critical careproviders are at a particular risk. Recently, it has been estimated that a severe influenza pandemic may result in up to 1.5 million individuals requiring critical care (38) . Initial clinical presentation of pandemic influenza will likely be similar to, if not indistinguishable from, seasonal influenza or other viral respiratory infections. Research strongly supports early containment as the best strategy for controlling the potentially devastating consequences of an unchecked outbreak (39) . As such, it is appropriate that routine ICU practices be targeted and critical care practitioners educated regarding seasonal influenza control to maximize routine patient safety and the ability to deliver effective care in times of crisis.
Limitations. Although a high proportion of those surveyed completed and returned the measure (88%), survey administration was limited to HCWs who attended regularly scheduled business and educational meetings. Although it is likely that attendance at meetings was dictated more by work schedules than by systematic differences between those who attended the meetings and those who did not, nonresponse bias cannot be ruled out. Further, our study was conducted at only two sites (which share faculty and fellows), and our study only included medical and cardiac ICUs. The generalizability of our findings to nonteaching hospitals and surgical ICUs remains uncertain. Investigation through a multicentered survey that includes different types of ICUs is needed to further elucidate barriers to PPE use for control of respiratory viruses. Finally, our outcome of PPE adherence was measured by self-report surveys, which may have overestimated true adherence, as previously discussed.
CONCLUSIONS
Nearly 40% of HCWs reported poor adherence with influenza PPE, and 53% reported that their colleagues often forget to use appropriate PPE. We observed significant gaps in knowledge about correct PPE use among all ICU HCWs, with only 63% of respondents able to identify adequate influenza PPE. The inconvenience of PPE use and perception of organizational norms significantly influenced adherence behaviors. Critical care HCWs may be at a substantial risk of developing and/or transmitting nosocomial respiratory viral infection, and 77% of critical care practitioners believe they can improve their infection control practice. To have an appreciable impact on patient and provider safety, efforts to improve PPE adherence and effectiveness must address both organizational factors associated with safety climate and knowledge barriers among clinicians.
